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Table 1 - Selected Material Properties for Static and Seismic Stability Analyses 
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Table 2a - Summary of Static Slope Stability Analysis Results 
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Cross Section 
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H-H' 

1-1' 
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K-K' 

( I )  Factor of Safety was 

Failure Plane 
Number Description 

(2) 4 value was estimated using Ianbu Method. Spencer Method did not converge for thc analysis. 

(3) For Cross Section G-G', Failure Plane No. IlI (Buttress Stability Evaluation) a pseudostatic FS of 1 .I5 was calculated for a horizontal acceleration of 0.1 5. 
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calculated using Janbu Method. 
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Yield Acceleration 
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Circular Failure through Buttress Fill 
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Deep Block Failure through Bottom Liner 
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Spencer Method did not converge for the analysis. 
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Table 2b - Summary of Pseudo-Static Slope Stability Analysis Results 

Cross Section 

A-A' 

B-B' 

Failure Plane 
Number 

D-D' 

G-G' 

H-H' 

1-1' 

I-I' 

2 Shallow Block Failure through Separation Liner 2.86 0.290 11 
(I )  Factor of Safety was calculated using Janbu Method. Spencer Method did not converge for the analysis. 
(2) For Cross Section G-G', Failure Plane No. 3 (Buttress Stability Evaluation) a pseudostatic FS of 1 . I 5  was calculated for a horizontal acceleration of 0.15. 
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Table 3 - Seismically-Induced Permanent Displacements from Newmark Deformation Analyses 
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Yield Acceleration Coefficient Ky (g) 

Earthquake-Induced Displacement of Landfill Slope AIong Bottom Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section A-A' - Failure Plane 4 

Project No. Kettleman Hills Facility- Unit B-19 
02-0207 Kettleman City, Kings Coalnty, California EARTHQUAKE INDUCED DISPLACEMENTS Figure 

SECTION A-A' - FAILURE PLANE 4 

-- - 

19 



* 

. . 

--- Modified Seed-Hayward (Original) -- Modified Seed-Hyward (Flipped) - Northridge, Kagel Canyon CH-3 (Original) 

Northridge, Kagel Canyon CH-3 (Flipped) - Castaic. CH-1 (Original) 

I 

0.124 
0.09 0.1 0.1 1 0.1 2 0.13 0.14 0.1 5 0.16 

Yield Acceleration Coefficient Ky (g) 

Earthquake-Induced Displacement of Landfill Slope Along Bottom Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section A-A' - Failure Plane 5 

Project No. 
02-0207 

Kettleman Wills Facility- Unit B-19 
Kettleman City. Kings County, California 

N -E5 
EARTHQUAKE INDUCED DISPLACEMENTS Figure 

SECTION A-A' - FAILURE PLANE 5 
2-D QUAD4M DYNAMIC RESPONSE ANALYSIS 20 



0.32 0,33 0.34 0.35 0'355 0.36 

Yield Acceleration Coefficient Ky (g) 

Earthquake-Induced Displacement of Landfill Slope Along Separation Liner vs, 
Yield Acceleration Coefficient, Ky (g), Cross Section A-A' - Faiure Plane 6 
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Yield Acceleration Coefficient Ky (g) 

Earthquake-Induced Displacement of Landfill Slope Along Bottom Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section G-G' - Failure Plane 1 

Project No. Kenlernan Hills Facility- Unil B- 19 
02-0207 Kettleman City, Kings County, California EARTHQUAKE INDUCED DISPLACEMENTS Figure 

SECTION G-G' - FAILURE PLANE 1 
23 



0.0 - 0.3 
0.3 0.33 0.36 0.39 0.42 0.45 

Yield Acceleration Coefficient Ky (g) 

Earthquake-Induced Displacement of Landfill Slope Along Separation Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section G-G' - Failure Plane 2 

Figure 

24 

Project No. 
02-0207 

Kenleman Hills Facility- Unit B-19 
Kettleman City, Kings county, California EARTHQUAKE INDUCED DISPLACEMENTS 

H A A SO /A E I C. 
c + e U o S E c E n d  $arth$akT,l&teers 

SECTION G-G' - FAILURE PLANE 2 
2-D QUAD4M DYNAMIC RESPONSE ANALYSIS 



Yield Acceleration Coefficient Ky (g) 

I 1 i * 

Earthquake-Induced Displacement of Landfill Slope Along Bottom Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section H-H' - Failure Plane 1 

Cross Section H-H' - Failure Plane 1 

Modllid Seed-Hayward (Original) - Modified Seed-Hyward (Flipped) 

- 

Northridge. Kagel Canyon CH-3 (Original) 

Northridge. Kagel Canyon CH-3 (Fl~pped) - Cadaic. CH-I (Original) - 
-- Castaie. CH-I (Flipped) 

0.145 
,09 0.1 0.1 1 0.12 0.13 0.14 0.15 0.16 0.17 0.18 

Project No. Kcnlcman Hills Facility- Unit B-19 
02-0207 Kettlcman City, Kings County, California EARTHQUAKE INDUCED DISPLACEMENTS 

SECTION H-H' - FAILUIUl PLANE 1 
QUAD4M DYNAMIC RESPONSE ANALYSIS 

Figure 

25 



# 

10.0 

8.0 
? 
C .- 
V 

4- 

ti Q) 

6.0 +! 
.P 
n 

I 
Cross Section H-H' - Failure Plane 2 

Modified Seed-Hayward {Original) 

,- Modified Seed-Hyward (Flipped] 

--. Northridge, Kagel Canyon CH-3 (Original) 
,--&- Northridge, Kagel Canyon CH-3 (Flipped) - Castaic, CH-1 (Original] 

Castaic, CH-1 (Flipped) 

-0 a 
0 
3 
u 
C - 6 4.0 
x 
3 
F m 
W 

2.0 
7.9 

0.0 
0.741 

0.09 0.1 0.1 1 0.12 0.13 0.14 0.1 5 0.16 

Yield Acceleration Coefficient Ky (g) 

Earthquake-Induced Displacement of Landfill Slope Along Bottom Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section H-H' - Failure Plane 2 

- 

Project No. Kettleman Hills Facili~y- Unit B-19 
02-0207 Kettleman City, Kings County, California EmTHQUAKE INDUCED DISPLACEMENTS 

SECTION H-H' - FAILURE PLANE 2 

Y 

Figure 

26 
A 



Earthquake-Induced Displacement of Landfill Slope Along Circular Failure Plane 
vs. Yield Acceleration Coefficient, Ky (g), Cross Section H-H' - Faiure Plane 3 
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Earthquake-Induced Displacement of Landfill Slope Along Separation Liner vs. 
Yield Acceleration Coefficient, Ky (g), Cross Section K-K' - Failure Plane 2 
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APPENDIX A 

FIGURES FROM RUST E&l1997  REPORT (LANDFILL FINAL FILL PLAN, 
ANALYSIS CROSS SECTIONS, LINER SYSTEMS, AND DESIGN EARTHQUAKE 

GROUND MOTIONS) 

A number of figures from the Rust E&l 1997 stability report are presented in this appendix for 
reference to more clearly illustrate modifications applied to geometry of the B-19 landfill 1997 
final f i l l  plan and perimeter stability buttress to arrive at the 2006 revised fill plan and buttress 
configuration presented and discussed in this report and in the landfill closure plan report 
prepared by Golder Associates, Inc. (2006). These figures show plan view and cross sections of 
the 1997 (old) final fill plan geometry (Figures 5, 13, 14, 15, and 16), liner and cover systems 
used in the 1997 stability analyses (Figures 6, 7, 8. 9, 1 I, and 12), configuration of the perimeter 
stability buttress (Figure lo), and information on the design earthquake and selected earthquake 
ground motions used in the landfill dynamic response analyses (Figures 29 through 33). The 
only changes applied to the landfill design are those shown in the final fill plan and the buttress 
geometry (Figures 3, 4. 5, and 6 of this report). Therefore, Figures 5, 10, and 13 thru 16 of the 
1997 Rust E&I report are not anymore applicable. I-lowever. the 1997 landfill liner and final 
cover configurations and design earthquake ground motions shown in the rest of figures in 
Appendix A remain unchanged and are used in the 2006 stability analyses for the new landfill 
final fill plan geometry. 



LANDFILL FINAL FILL PLAN, ANALYSIS 
CROSS SECTIONS, AND LINER SYSTEMS 





A 

2' OPERATIONS LAYER 

16 OZ NON-WOVEN 
1'  LCRS DRAINAGE ROCK 

2' PRIMARY SOlL LINER (K I 1 x1  0-7 CM/SEC) 
(ADD CLAY TO EXISTING SOlL LINER) 80 MIL HDPE 

6" 8 HDPE LEACHATE GEOMEMBRANE (TOP 
COLLECTION PIPE AND B O l l O M  TEXTURED) 

3.5' EXISTING SECONDARY 
SOlL LINER (K ~lx10-7cm/sec) 

NOTE: 
BASE LINER DETAIL 

NTS 60 MIL HDPE 
SEE TABLE 3 FOR GEOMEMBRANE 
INTERFACE PROPERTIES (TOP AND BOTOM 
K : HYDRAULIC CONDUCTIVITY OF SOIL LINER SMOOTH) 

FIGURE 

6 
200444 

PREPARED BY: 

Rurr. 
Rust Environment 8 infrastructure Inc. 

4 

MODIFIED PHASE IA BOTTOM LINER 
INTERFACE DETAILS 

(INTERFACE 1) 

5-19 CLASS 11/11l LANDFILL 
K e t t l e m a n  Hil ls Fac i l i ty  

K e t t l e m a n  City, Kings County, Cali fornia 



G EOCOMPOSITE 
DRAINAGE LAYER 

2' OPERATIONS LAYER 80 MIL HDPE GEOMEMBRANE 
(TEXTURED BOTTOM, SMOOTH TOP) 

1 3.5' EXISTING CtAY LINER 
(REPAIR CRACKS BY FILLING WITH 
LOW PERMEABILITY MATERIAL) 

SDESLOPE L E R  
NTS N 0 TE: 

SEE TABLE 3 FOR 
INTERFACE PROPERTIES 

PREPARED B Y  

WWT 
RUStmdmnmmt&-!n~. 
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MODIFIED PHASE IA SDESLOPE 
LNER NlEFFACE ETALS 

(INTERFACE 2) 

B-19 CLASS Il/lll LANDFILL 

Fl GURE 
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16 OZ NON-WOVEN 
2' OPERATIONS LAYER 

1'  LCRS DRAlNAGE ROCK 

1.5' PRIMARV SOIL LINER (K I? 1 ~ 1 0 ' ~  CM/SEC) 

60 MIL HOPE 
GEOMEMBRANE 
(SMOOTH TOP AND 
BOTTOM SIDES) 

16 OZ NON-WOVEN 

3.5' SECONDARY SOIL LINER 
(K 5 1 x10" CM/SEC) 

60 MIL HDPE 

BASE LINER DETAIL GEOMEMBRANE 
NOTE: (SMOOTH TOP AND 

SEE TABLE 3 FOR NTS BOITOM SIDES) 
INTERFACE PROPERTIES 

PREPARED BY: 

RSWl 
~ E n v b w w n e n t & ~ ~ ~ r e k r c .  

EXISTING PHASE IB BOTTOM LIhER 
INTERFACE DETAILS 

(INTERFACE 3) 

0-19 CLASS ll/lI1 LANDFILL 
Ket t leman Hills Focitity 

Ket t leman City, Kings County. California 

FIGURE 
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40 MIL HDPE PROTECTIVE 
HDPE GEOMEMBRANE (SMOOTH 
TOP AND BOTTOM) 
16 OZ NON-WOVEN GEOTEXTILE 
GEONET 

2' OPERATIONS LAYER 
60 MIL HDPE GEOMEMBRANE 
(SMOOTH TOP AND BOTTOM SIDES) 

GEONET 

60 MIL HDPE GEOMEMBRANE 
(SMOOTH TOP AND B O l l O M  SIDES) 

3.5' CLAY LINER 

SIDESLOPE LINER NOTE: 
SEE TABLE 3 FOR 

NTS INTERFACE PROPERTIES 

PREPARED BY: EXISTING PHASE 1B/11/111 SIDESLOPE FIGURE 

LINER INTERFACE DETAILS 
(INTERFACE 4) 

0-19 CLASS II/III LANDFILL 
Rust hnment & htrast~cture inc. K e t t l e m a n  Hills Facility 
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FINAL COVER 7 

STRUCTURAL 
FILL 
3 

1 '  DRAINAGE GRAVEL 
PERIMETER CHANNEL DETAIL 

6" 0 HDPE LCRS 
COLLECTION PIPE 

SEPARATION LINER OVER 
CLASS f WASTE 2' OPERATIONS LAYER 

EXISTING GROUND 

EXlSTlNG ANCHOR TRENCH 

PERIMETER BERM DETAIL , 

NTS 
PREPARED BY: I PROPOSED PHASE B/W11 FIGURE 

PERMETER BERM DETAILS 
(INTERFACE 5) 

6-79 CLASS H/lII LANDFILL 
Kettleman Hills Facility 

Kett leman City, Kings County, Catifornia 



2' OPERATIONS LAYER 

GEOCOMPOSlTE DFUINACE LAYER 
60 MIL HDPE GEOMEMBRANE 
(TEXTURED TOP AND BOTTOM SIDES) 

2' FOUNDATION LAYER 
WASTE FILL J 

(EXISTING CLASS I COVER, 
K 5 1x10-5 CM/SEC) 

SEPARATION LINER OVER CLASS I WASTE 
NTS 

NOTE: 
SEE TABLE 3 FOR 
INTERFACE PROPERTIES 

FIGURE 

11 
200444 

PREPARED BY: 

RlKT 
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PROPOSED PHASE IB/II/lI-HW/MSW 
SEPARATION LINER INTERFACE DETAILS 

(INTERFACE 6) 

B-19 CLASS 1l/III LANDFILL 
Kett leman Hills Facility 

Kett leman City, Kings County, California 



r 2.5' VEGETATIVE SOlL 

12 OZ NON-WOVEN 
GEOTEXTILE 

40 MIL HDPE 
GEOMEMBRANE (TEXTURED TOP AND 
BOlTOM SIDES) 

I L 1 '  INTERMEDIATE COVER SOlL 

L 1' LOW PERMEABILITY SOlL FOUNDATION LAYER 
(K s 1x10-5 CM/SEC) 

FINAL COVER 
NTS 
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I AVERAGE RETURN PERIOD vs. ACCELERATION I 
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CALTECH A-1 SYNTHETIC ACCELERATION RECORD 

AND DYNAMIC RESPONSE SPECTRUM 

- DISTANT DESIGN EARTHQUAKE - 
B-19 CLASS II/III LANDFILL 

Kettleman Hills Facility 
Kettleman City. Kings County. California 
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